INTRODUCTION 1 loaded onto a 2-ml Ni
2+ -nitrilotriacetic acid-agarose column equilibrated with PBS. The 1 proteins were eluted in PBS with 250 mM imidazole. The purification was monitored by 2
SDS-PAGE and Coomassie staining (data not shown). 3 4
Purification of native ESAT-6. Sauton culture filtrates were concentrated under 2 bar 5 nitrogen pressure using an ultrafiltration membrane with a 3 kDa cut off and a diameter of 6 150 mm (Millipore, Bedford, MA, USA) then washed three times with H 2 O containing 4% 7 butanol (to reach a resistivity lower than 30 µS) and lyophilized. The lyophilized samples 8 were rehydrated with a buffer containing 100 mM NaCl and 50 mM Na 2 HPO 4 the pH was 9 adjusted to 7.1 with 1 M KH 2 PO 4 . The samples were centrifuged for 1 hour at 20 000 g, then 10
passed through a 0.22 µm filter and applied to a superdex G75 (Amersham Pharmacia 11 Biotech) column after the addition of 4 % butanol. The ESAT-6 containing fractions were 12 collected, pooled, washed, concentrated with ultrafiltration as described and applied to the 13 strong basic ion exchange column R15 Q (Amersham Pharmacia Biotech), protein was eluted 14 in a 20 mM Tris/Hcl, pH8.1 buffer with a linear NaCl gradient (0 -150 mM). The ESAT-6 15 containing fractions were collected, pooled and desalted and further purified by reversed-16 phase HPLC (Amersham Pharmacia Biotech) in an ammonium acetate buffer (20 mM). 17
Protein was eluted from the column with a linear acetonitrile (CH3CN) gradient (0 -90 %). 18
The ESAT-6 containing fractions were collected and pooled and acetonitrile was evaporated 19 using a rotavapor. The HPLC purification was repeated twice with C4 silica-based reversed-20 phase columns with two different acetonitrile gradients (45 -55 % and 48,5 -51%, 21 respectively). The evaporated samples were analyzed by N-terminal amino acid sequencing 22 and mass spectroscopy (MALDI and electrospray ionization) to confirm the purity. All 23 purified native ESAT-6 samples were lyophilized and stored at -20 °C, as was also done 24 between the different purification steps to maintain the stability of the protein. Germany) and cholesterol (Sigma, St. Louis, MO, USA) in a 4:1:1 mol ratio. All lipids were 5 dissolved in CHCl 3 /MetOH (2:1) (v/v) and mixed in a round bottom flask. The solvent was 6 evaporated using a rotavapor and subsequently flushed with nitrogen for 30 minutes. The lipid 7 film was hydrated in 50 mM Tris and 150 mM NaCl, pH 7.4 (TBS) by shaking with glass 8 pearls and subsequently extruded 4 times through a 400 nm filter. The phospholipid 9 concentration of the liposomes was determined by the colorimetric method of Rouser (38). 10
The mean particle size and size distribution were determined by dynamic light scattering with 11 a Malvern 4700 system (Malvern Ltd., Malvern, UK). 12 
13
Floatation gradient centrifugation. Purified proteins (5 µg) or culture filtrate (100 µg) were 14 incubated for 10 min at 37°C in the absence or presence of 10 mM liposomes in a final 15 volume of 100 µl and subjected to floatation analysis using a discontinuous sucrose density 16 gradient as previously described by others (16) . After incubation the samples were mixed with 17 80 % sucrose in TBS. On to this suspension 2 ml of 60 % sucrose, 1.5 ml of 50% and 500 µl 18 TBS without sucrose was layered. The gradient was centrifuged at 115 000 g for 4 h at 4 °C. 19
Fractions (1 ml) were taken from the top, trichloroacetic acid (TCA) precipitated, and 20 analyzed by SDS-PAGE (15 %) and immunoblotting using monoclonal anti-ESAT-6 21 (AntibodyShop, Statens Serum Institute, Denmark) or polyclonal anti-CFP-10 antibodies (34). 22
To investigate the influence of the ESAT-6•CFP-10 complex formation on the 23 interaction with lipids we incubated equimolar concentrations (500 pmol) of recombinant 24
ESAT-6 and CFP-10 for 10 min at room temperature as previously described by Renshaw et 25 (37) . To test the influence of the pH on the dissociation of the ESAT-6•CFP-10 1 complex and subsequent lipid association, the above described floatation gradient 2 centrifugation was repeated using three different buffers : 50 mM NaAc and 150 mM NaCl 3 (pH 4), 50 mM NaAc and 150 mM NaCl (pH 5), 50 mM NaH 2 PO 4 and 150 mM NaCl (pH 6). 4
A C C E P T E D
The buffer of the concentrated culture filtrates was changed using microcon centrifugal filter 5 devices with a cut-off of 3 kDa (Millipore, Bedford, MA, USA). floatation pattern, indicating that the interaction was independent of the tag (Fig. 1a) . 19
In contrast, no co-floatation with liposomes of either ESAT-6 or CFP-10 was found 20 when concentrated BCG::RD1 culture filtrate was tested (Fig. 1a,b) . To further evaluate this 21 observation, equal amounts of purified ESAT-6 and CFP-10 proteins were incubated to allow 22 the formation of a 1:1 protein complex prior to the addition of liposomes, and this mixture 23 was subjected to floatation analysis. As depicted in Fig. 1c , hardly any of the ESAT-6 or 24 CFP-10 was detected in the top fractions of this assay, confirming that ESAT-6 and CFP-10 1 do not associate with the lipid bilayer when they occur as a 1:1 complex. 2 3 Complex dissociation and subsequent lipid interaction induced by pH shift. Previous 4 structural analyses revealed that the tight interaction between the ESAT-6 and CFP-10 is 5 stabilized by two salt-bridges (36). As pH changes are known to be key factors inside the 6 phagosome, we tested the protein-lipid interaction at different pH levels. First, we repeated 7 the floatation experiments with concentrated culture filtrates at pH6, pH5 and pH4 instead of 8 pH7.4. While ESAT-6 and CFP-10 were not found in the top fractions of the assay when the 9 experiments were performed at pH5 or pH6, both proteins were in the top fractions at pH4 10 ( Fig. 2a,b) . These results suggest that between pH5 and pH4, which is close to the pI of 11
ESAT-6 and CFP-10 (≈ 4.5), the complex dissociates, allowing the released monomeric 12
ESAT-6 or CFP-10 molecules to interact with the bio-membranes. 13 Most interestingly, surface plasmon resonance assays using a Biacore 2000 instrument 14 further confirmed that, while the ESAT-6•CFP-10 complex dissociated slowly at pH 6.5 (k off 15 = 9 x 10 -4 s -1 ; t 1/2 ≈ 13 min), one-minute pulses of lower pH solutions induced a sudden 16 disruption of an increasing proportion of the complexes: 30% at pH 5.5, 57% at pH 5.0, 84% 17 at pH 4.5 and 99% at pH 4.0 (Fig. 3) Overall, no clear structure-function relationship could be deduced from this analysis, 2 however, a few possibilities could be excluded or classified as unlikely. No significant cleft or 3 enzyme active site was identified suggesting a noncatalytic role for these proteins. 4
Furthermore, interaction with nucleic acids is unlikely due to the absence of basic patches and 5 the electrostatic surface analysis argued against a pore forming role of the complex (36). 6
The high content of α helical structure and the hydrophobic nature of both ESAT-6 7 and CFP-10 led us to look more closely into a potential interaction of ESAT-6 and CFP-10 8 with lipid bilayers, bearing in mind the principles of binding and spontaneous membrane 9 insertion of α helical proteins or peptides (20, 43). 10
Interestingly, ESAT-6 bound specifically to PC and cholesterol containing liposomes 11 while less specificity was found for CFP-10, indicating that the interaction with the lipid 12 bilayers might be different for both proteins. This is in accordance with the difference we 13 We recently demonstrated by co-purification studies that ESAT-6 and CFP-10 are 1 present in the form of a complex in the cytosol and the culture filtrate of tubercle bacilli, 2 before and after secretion, respectively (3). However it remains unclear what happens to 3 secreted ESAT-6 and CFP-10 proteins under natural circumstances when tubercle bacilli 4 reside within the phagosome of a macrophage, the key interface between M. tuberculosis and 5 its host. At first glance, the observation that ESAT-6 and CFP-10 individually interact with 6 lipid bilayers (Fig. 1) suggests that these proteins might act at the phagosomal membrane. 7
However, as clearly shown in the results section, interaction with liposomes was not observed 8 when ESAT-6 and CFP-10 formed a complex. These observations can be explained by the 9 fact that hydrophobic residues in ESAT-6 and CFP-10 that are involved in lipid binding 10 become hidden inside the four-helical-bundle-structure upon complex formation (3, 36). However, as demonstrated by two different methods (Fig. 2, 3 Finally, it should be mentioned that ESAT-6 and CFP-10 belong to the family of 13 WXG100 proteins (32) that are widely distributed among actinobacteria and Gram-positive 14 bacteria (32). In M. tuberculosis some of them are encoded in ESX-loci that show similarity 15 in gene content and operon structure to ESX-1 (14, 50). In contrast to ESAT-6 and CFP-10, 16 these other Esx protein couples (e.g. Rv0287/88) do not show the coiled-coil motif 17 characteristic for ESAT-6 and CFP-10 (3), nor do they contain the salt-bridges that stabilize 18 the ESAT-6•CFP-10 complex (36). Thus, it remains to be determined whether they form 19 four-helical-bundle-structures. However, in a recent study, it was shown that ESX-5 was 20 involved in the secretion of protein PPE41 (1) complex by surface plasmon resonance. Native ESAT-6 was injected at pH6.5 on a CFP-10 10 surface, from time t 0 to t 1 . The complex was allowed to dissociate spontaneously at pH 6.5 11 until time t 2 , when one-minute pulses at different pHs were applied (until t 3 ), leading to a 12 partial or total disruption of the complexes. RU = resonance units (1 RU ≈ 1 pg.mm -2 ). 
on January 1, 2018 by guest
